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WO 99/00451 '^^^ 
A FLAME RETARDANT EPOXY RESIN COMPOSITION 

The preaenc invencion relacas co curable ^poxy-resin- 
containing f cxmulations . and particularly to fcrmulacions useful for 
making laminates for printed wiring boards. 

It is known to make electrical laiainates and other, 
composites from a fibrous reinforcement and an epoxy-containing 
matrix resin. Examples of suitable processes usually contain the 
following steps: 

(1) an epoxy-containing formulation is applied to a 
substrate by rolling, dipping, spraying, other known 
techni<5ues and/or combinations thereof. The 
substrate is typically a woven or nonwoven fiber mat 
containing, for instance, glass fibers- 

(2) The impregnated substrate is -B-staged- by heating at 
a ten^erature sufficient to draw off solvent in the 
epoxy formulation and optionally to partially cure 
the egpoxy formulation, so that the iit^regnated 
substrate can be handled easily- The *B-staging- 
step is usually carried out at a temperature of from 
90«C to 210**C and for a time of frc«a 1 minute to 15 
minutes. The impregnated substrate that results from 
B-staging is called a prepreg. The temperature is 
most commonly lOOo.C for composites and 130^C to 200«C 
for electrical laminates. 

<3) One or more sheets of prepreg are stacked in 

alternating layers with one or more sheets of a 
conductive material, such as copper foil, if an 
electrical laminate is desired-. 



3S 



(4) The laid-up sheets are pressed at high teji\perature 
and pressure for a time sufficient to core the resin 
and form a laminate. The temperature of lamination 
usually between 100<=>C and 230oc, and is most often 



xs 
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between 165«C an<a 190°C. The lamination seep may 
alao be carried out in two or wore stafles. such aa 
first stage between 100«>c and i50=c a seooT^<i 

stage at between 165°C anxi 190°C. Tbe pressure is 
usually between 50 N/cm^ and 500 N/cm': The 
lamination step is usually carried on for from 1 to 
200 minutes, and most often for 45 to 90 minutes. 
The lamination step may optionally toe carried out at 
higher temperatures for shorter times (such as in 
continuous lamination processes) or for longer times 
at lower ten«>eratures (such as in low energy press 
processes) - 

(5) optionally, the resulting copper-clad land.nate may be 
post-treated by heating for a time at high 
teaeerature and ambient pressure. The temperatures 
of post-treatment are usually between 120»C and 
2S0'»C. The post-treatment time usually is between 30 
minutes and 12 hours. 
■ It is conventional in the preparation of epoxy-containing 

^^t.^ ■ir,^■r^ rVis eo<}Xv resin coirposition various 
laminates to incorporate into tne epoxy v 

additives to improve the flame -re tardancy of the resulting laminate. 
Many types of flame retardant additives have been suggested, but the 
additives which are most widely used commercially are halogen 
containing additives, such as tetrabromoaiphenylolpropane , or epoxy 
resins prepared by reacting diglycidyl. ether of bisphenol-A w:uth 
tetrabrcmodiphenylolpropane. Typically, in order to reach the 

1 T ^1 (\T.n in the standard "Underwriters 

desired fire retardancy level (V-0 m tne scanoaj: 

Laboratory- test method UL 94) levels of such coi^ounds are recjuxred 
which provide a bromine content of from 10 to 25 weight percent 
based on the total polymer weight in the product. 

Although halogen containing f ire-retardant additives are 
effective, they are considered by so^e to be undesirable from an 
enviromnental standpoint, and in recent years there has been 
increasing interest in the formulation of halogen-free epo^. res.ns. 
which are able to meet the fire retardancy re<3Uirements . 
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Proposals have bean made to use phosphorus basted flame 
rataxrdanrs instead of halogenated fire retardanes (see. for «cample 
EP-A-0384939, EP-A-0384940, EP-A-0408990. OE-A-4308184. 
DE-A-4308185. DE-A-4308187 . WO-A-96y07685 . and WO-A-96/ 07686 . In 
t:hese formulations che phosphorus flame recardant was pre-r.acced co 
form a di or multifunctional epoxy reain. This makes the epoxy 
resin relatively expensive. 

The phosphonic acid esters are commercially available 
fire retardant materials (e.g., Amgard~ V19 and Amgardn. p45 - 
supplied by Albright and Wilson Ltd. United Kingdom) . These 
phosphonic acid esters, may be solids or liquids. Alkyl and aryl 
substituted phosphonic acid esters are coH^atible with epoxy resxns. 
IS m particular lower (i.e., C,-C,) alJcyl- esrers of phosphonic acid are 
of value because they contain a high proportion of phosphorus, and 
are thus able to irt«,art good fire retardant properties upon res^is 
in which they are incorporated. However, it has been found by th^ 
present inventors that they are not satisfactory as a subst:icure for 
halogenated flame retardants in epoxy resins for the ^roduc.ion of 
electrical laminates, because their use in amounts suffic:Lent to 
provide the necessary flame retardancy increases che tendency of the 
resulting cured epoxy resin to absorb moisture. The mo..sture 
abscrbency of the cured laminate board is very significant, because 
laminates containing high levels of moisture tend to blisc.r ana 
fail, when introduced to a bath of liquid solder at temperatures 
around 26(>oc. a typical step in the manufacture of printed wiring 
boards . 

EP-A-07S4728 describes th« production of flame retardant 
epoxy resin systems by blending epoxy resins with phosphonic acid 
esters and incorporating th«n into the cured resin- This reference 
indicates that large c^antities (in excess of 18 weight percent) of 
the phosphorus additive are needed in order for the resin system to 
35 meet UI* 94 
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We ixave now discovered th^t it is possible to produce 
epoxy resins which K^at the desirable standards of fire retard^oy 
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withouc the n«ed for halogen-containing flame retardantfi, or at 
least en«>loyang significantly lower levels of such halogen- 
containing flame retardants than is conventional in the art, by 
«nC)loylng relatively lov? levels of phosphonic acid ester flame 
5 retardant (to give 0.2 to 5 . weight percent: phosphorus in the solid 
resin) , together with particular combinations of accelerator and 
catalyst, and. in preferred eitibodixttents , particular types of epoxy 
resin. The accelerators and catalysts are generally known per se. 
but their use in conjunction with low levels of phosphonic acid 
10 ester fire retardants to obtain compositions which have both good 
fire retardancy, and yet sufficiently low water absorption has not 
hitherto been described. 

According to the invention, there is provided a flame 
15 retardant epoxy resin coii:«>osition containing no more than 10^ by 
weight of halogen, coxrc>rising 

a) an epoxy resin, 

b) a phosphonic acid ester in an amount such as to 
provide from 0.2 to 5 weight percent phosphorus in 
the coiwposition , 

c) a nitrogen-containing cross linking agent having an 
amine functionally of at least 2, in an amount of 
from 10 to 80 percent of the stoichiometric amount 
needed to cure the epoxy resin, 

from 0.1 to 3 weight percent of a cacalyst capable of 
promoting the reaction of the phosphonic acid ester 
with the epoxy resin and promoting the curing of the 
epoxy resin with the crosslinker, and optionally, 
a Lewis acid in an amount of up to 2 moles, per mole 
of catalyst - 



20 



25 



d) 



30 e) 



The phosphonic acid ester eatrployed in the present 
invention is preferably an ester of the formula 
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o 

or 



O— R3 



O 

II O— R2 

O— R3 
— —I 2 

Wherein is to alkyl, 

is C, ro alkylene, 
R\ and R\ are each to C3 alkyl, or C, to C,, aryl, or and 
taken together represent the residue of a glycol or a polyol. 

preferred phoephonic acid esters are for exainple esters 
of inethanephospbonic acid with polyhydroxy compounds such as 
glycols, and polyolsv Such phosphonic acid esters of polyhydroxy 
compounds can have polymeric and/or cyclic structures. 

Specific preferred examples are polymers with repeating 
units such as: 

"ri 

I 



O— R5— 0-- 

W 
O 



IS 



and/ or cyclic structures such as 



O 
II 

Rl-P— O 
I I 
0-R6 



rx is 2 to 10, R^ is a C, to C, alkylene group or the residue of 
glycol or polyol. 



O o 

o- R6— o— p— o— Re-o 
o 

20 
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is the residue of a triol, fox exanvple glycerol or trimethylol 
propane. 

The phosptionic acid ester is preferably an escer having 
methyl or methylene adjacent to phosphorous. Preferred phosphonic 
5 acid escer s are those o£ the fomiala. 




or 



In order to obtain satisfactory resistance to water 
absorption, it is in^ortant that the amount of the phosphonic acid 

10 escer is from 1 to 18 weight percent, preferably from 4 to 15 weight 
percent, more preferably from 7 to 15 weight percent, based on the 
total of the epoxy resin con^osition. The phosphonic acid ester 
content is preferably such as to provide a total phosphorous content^ 
in the composition, of from 0*2 to 5 weight percent, more preferably 

IS from 1 to 5 weight percent. 

The compositions of the invention contain a catalyst 
capable of promoting the reaction of the phosphonic acid ester with 
the ep03<y resin and promoting the curing of the epoxy resin. 

The catalyst may comprise a single catalyst con^onent, 
20 capable both of promoting the reaction of the phosphonic acid ester 
with the epoxy resin and of promoting the curing of the epoxy resin. 
Alternatively, the catalyst may be a combination of components which 
favor one aspect of the resin curing over another. 

Exair^les of suitable catalyst materials include 
2S ooit^ounds containing or amino, phosphine, amraoniiAm, phosphonium, 

arsonium or sulfonium moieties. Particularly preferred catalysts are 
the heterocyclic nitrogen containing compounds. Preferably a Lewis 
acid is also ea^loyed, especially when the catalyst is an amine, 

-6- 
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particularly a heterocyclic nitrogen containing amine. 
Catalysts <as distinguished from cross - linkers ) preferably contain 
on average no more than about 1 active hydrogen moiety per molecule. 
Active hydrogen moieties include hydrogen atoms bonded to an amine 
5 group, a phenolic hydroxyl group, or a carboxylic acid group. For 
instance^ the amine and phosphine moieties in catalysts are 
preferably tertiary amine or phosphine moieties ; and the ammonivun 
and phosphonium moieties are preferably <iuatemary ammonium and 
phosphonium moieties* 

10 

Among preferred tertiary amines that may be used as 
catalysts are those mono- or polyamities having an open-chain or 
cyclic structure which have all of the amine hydrogen replaced by 
suitable substituents , such as hydrocarbyl radicals, and preferably 
IS aliphatic, cycloaliphatic or aromatic radicals. 

Exaxr^les of these amines include^ among others, , methyl 
diethanol amine, triethyl amine, tributyi amine, dimethyl benzylamine, 
triphenylamine, tricyclohexyl amine, pyridine and quinoline. 
Pref erred amines are the trialkyl, tricycloalkyl and triaryl amines, 

20 such as tri ethyl amine, triphenyl amine, tri-<2,3- 

dimethylcyclohexyl) amine, and the alkyl dialkanol amines, such as 
methyl diethanol amines and the trialkanolamines such as 
triethanolamine. Weak tertiary amines, for example, amines that in 
aqueous solutions give a pH less than 10 in aqueous solutions of 1 M 

25 concentration, are particularly preferred. Especially preferred 
tertiary amine catalysts are benzyl dimethyl amine and tris- 
{dimethylaminomethyl) phenol. 

Examples of suitable heterocyclic nitrogen catalysts 
30 include those described in US-A-4, 925, 901 . Preferable heterocyclic 
secondary and tertiary amines or nitrogen-containing catalysts which 
can be employed herein include, for example, imidazoles, 
benzimidazoles, imidazolidines , imidasolines , oxazoles, pyrroles, 
thiazoles, pyridines, pyrazines, morpholines, pyridazines, 
35 pyrimidines, pyrrolidines, pyrazoles, quinoxalines, quinazolines, 
. phthalozines, quinolines, purines, indazoles, indoles, indolazines, 
phenazines, phenarsazines, phenothiazines, pyrrolines, indolines, 

-7- 
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piperidines, piperazines and eombiiutti-ons thereof. Especially 
preferred are the alkyl-sxibatituced imidazoles,- 2 . 5-chloro-4-echyl 
imidazole; and phenyl - subs ticuced imidazoles, and mixcures thereof. 
Even more preferred are N-methylimidazole; 2-mechylimida2ole; 
5 2-ethyl-4-Kvechylimidazole; 1, 2-dimethyliiaidazole; and 2- 

methyl imidazole. Especially preferred is 2 -phenyl imidazole. 

Examples of heterocyclic nitrogen donor confounds which 
are preferably used in combination with Lewis acids are those 
described in EP-A-S26488. EP^A-0458502- & GB-A-9421405 . 3 . In chese 

10 references the Lewis acids are described as inhibitors because they 
reduce the initial rate of the chezaical reaction. Exainples of 
suitable Lewis acids include halides, oxides, hydroxides and 
alkoxides o£ zinc^ tin, titanium, cobalt, manganese, iron> silicon, 
aluminium, and boron, for example Lewis acids of boron, and 

15 anhydrides of Lewis acids of boron, for exair^le boric acid, 
metaboric acid, optionally substituted boroxines (such as 
trimethoxyboroxine) , optionally substituted oxides of boron, alkyl 
borates, boron halides, zinc halides <3uch as zinc chloride) and 
other Lewis acids that tetid to have a relatively weak conjugate 

20 base. Preferably the Lewis acid is a Lewis acid of boron, or an 
anhydride of a Lewis acid of boron, for example boric acid, 
metaboric acid, an optionally substituted boroxine (such as 
trimethoxy boroxine, trimethyl boroxine or- triethyl boroxine) , an 
optionally substituted oxide of boron, or an alkyl borate. The most 

25 preferred Lewis acid is boric acid. 

These Lewis acids are very effective in curing epoxy 
resins when combined with the heterocyclic nitrogen containing 
compounds, referred tp above. In particular, they are able to 
30 incorporate the phosphonic acid ester into the epoxy resin during 
curing . 

The Lewis acids and amines can be combined before mixing 
into the formulation or by mixing with the catalyst in-situ, to make 
3S a curing catalyst combination. 
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The amount of the Lewis , acid employed i^ pre£era±)ly ac 
lease 0,1 moles of Ijewls acid par mole of heterocyclic nltrog^en 
compound, more prefex-al^ly at least 0.3 mol«$ o£ Lewis acid per mole 
5 of heterocyclic nitrogen compound. 

The forinulation preferably contains no more than three 
•moles of Lewis acid per mole of catalyst and more preferably 
contains no more that 2 moles of Lewis acid per mole of catalyst. 
10 The total cunount of the catalyst is from 0,1 co 3 weight percent « 

based on the total weight of the composition^ preferably from 0.1 to 
2 percent. 

All of the aforementioned catalyst materials will 
IS catalyse co some 6>:tenc both the reaction of the phosphonic acid 
ester with the epoxy resin, and the curing of the epoxy resin. 
However^ (1 , 8-diazabicyclo (5,4,0) undec-7-en (DBU) tends to favor 
the phosphonic ester - epoxy reaction over the epoxy curing 
reaction. 

20 The nitrogen-containing crossl inking agent has an amine 

functionality of ac least 2. Suitable multifunctional crosslinkers 
are described in numerous references such as Vol. 6 Encyclopaedia of 
Poly. Sci. & Eng., '^Epoxy resins'' at 348-56 (0*. Wiley & Sons 198£) . 
Exart^les of suitable nitrogen-containing cross- linkers include 

25 polyamines, poly2anides« sulphanilamide. diaminodiphenylsulf one and 
diaminodiphenyl methane. The preferred crosslinking agent is 
dicyandi ami de . 

The amount of the nitrogen-containing crosslinking agent is 
from 10 to 80 percent of the stoichiometric quantity needed to cure 
30 the epoxy concent of the epoxy resin in the formulation. 

The total amount of nitrogen in the composition 
{including nitrogen derived from any nitrogen- containing coxnpounds 
which may form part of the catalyst, or advancement monomers for the 
epoxy resin) is preferably from 1 to 8 percent by weight, 

35 The quantity of nitrogen- containing cross-linking agent 

is preferably such that the fonaulation contains a stoichiometric 
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excess of epoxy re$xn over the nitirogeii-concaining cro33- linking 
agenc* (For che 'purposes o£ nhis applicacion, dicyandiaiciide is 
taken a^s having 6 curixig sites per molecule.) The formulation thus 
contains no more than 0.8 equivalents, preferably no more than 0.75, 
more preferably no more than 0,6,, and most preferably no mora than 
0.5 e^ivalencs of nitre gen -containing cross-linking agent per 
epoxide eguival^nt. When the multifunctional cross-linker is 
dicyandiamide, the formulation preferably contains at least 0,65 
weight percent and more preferably at least 1.9 weight percent o£ 
dicyandiamide - The amount of dicyandiamide is prefereibly no more 
than 5 . 2 weight percent and more preferably no more than 2 . 6 weight 
percent . 



The epoxy resin used in the present invention is a 
material which possesses on average more than 1 and preferably at 

IS least 1.8, more preferably at least 2 epoxy groups par molecule. In 
the broadest aspect of the invention, the epoxy resin may be any 
saturated or unsaturated aliphatic, cycloaliphatic, aromatic or 
heterocyclic compound which possesses more than one 1,2-epoxy group . 
Examples of heterocyclic epoxy cotiqpounds are diglycidylhydantoin or 

20 triglyeidyl isocyanurate (TGIC) . 



The epoxy resin is preferably one which has no lower 
alkyl aliphatic substituents , for example the glycidyl ether of a 
phenol novolac, or the glycidyl ether of bisphenol-P. 

The most preferred epoxy resins are epoxy novolac resins 
(sometimes referred to as epoxidised novolac resins, a terra which is 
intended to embrace both epoxy phenol novolac resins and epoxy 
cresol novolac resins) . Such confounds have the following general 
fomrula: 



25 



Fcffiiu3aII: 




30 
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wherein "R" is iiydrogen or a C1~C3 alkyl, e.g., meChyi and ''n* . is 0 
or an integer from 1 to 10 . 

Epoxy novoiac resins (including epoxy cresol novolac 
resins) are readily commercially available, for example under the 

5 trade names D.E^N.''^", Quacrex^", Tactix?**, (Trademarks of The Dow 
Chemical Coxopany) . The materials of cbmnaerce generally comprise 
mixtures of various species of the above formula and a convenient 
way of characterizing such mixtures is by reference to the average, 
n' , of the values of n for the various species. Preferred epoxy 
10 novolac resins for use in accordance with the present invention are 
those in which n' has a value of from about 2,05 to about 10, more 
preferably from about 2.5 to about 5 . 

Preferably the epoxy resin is the reaction product of an 
15 epoxy compound containing at least two epoxy groups for example an 
epoxy compound of the kind describe above, and a chain extender. 
The chain extending monomer may be a phenolic chain extender 
containing on average more than one, and less than three phenolic 
hydroxyl groups per molecule. Such phenolic chain extenders 
20 preferably contain on average 1,8 to 2.1 phenolic hydroxyl groups 
and more preferably contains about 2 phenolic hydroxyl groups per 
molecule. The phenolic chain extender is preferably a dihydric 
phenol- The chain extender is preferably reacted with the epoxy 
confound to form the epoxy resin before formulation of the 
25 coic^osition with the flame retardant, hardener and the catalyst. 

However it is also possible to add the chain extender and the epoxy 
resin compound to the coi^position in order to form the epoxy resin 
in-situ. 

The epoxy resin is preferably one which is solid at 20 
30 degrees C, for example one which has a softening point of 

50**C or higher, as defined by the Mettler softening . point method ASt^ 
- D3104 and DIN 51920. The phenolic chain extender may itself be the 
reaction product of a diol and an epoxy compound. 

For exait^le, it may be the reaction product of a diol or 
35 a compound containing two phenolic groups, with, a glycidyl ether of 
a phenol novolac or with a glycidyl ether of bisphenol-F. 
Preferably, less than 50 percent of the carbon atoms in the. chain 

-11- 



8^80:(ss-UiUi)NOIiWnOiSZ6MZZ»S:aiS3«00£8e^ 



wo 99/00451 PCT/US98/13618 

«xcender are present in aliphacic groups, moro preferably less chan 
• 30 percent, and most preferably 0 percent. 

Exaidples of particularly suitable pHenoXic chains 
extenders include resorcinol, catechol, hydroquinone, bisphenol, 
5 bisphenol A. bisphenol AP (1 , l-bis (4--hydroxylphenyl) -1- 
phenylethane) , bisphenol F, and bisphenol K, 

It is greatly preferred however that the chain extender 
is a nitrogren-containing xaonozner for example « an isocyanate^ and 
10 amine or azoide. 

Preferred nitrogen-containing chain extenders include « 
polyisocyauiate cos^oxmds which form epoxy-tenolnaced 
polyoxazolidones as described in , 112 , 932 . Preferably, the 

15 polyisocyanate conqpound used in the present invent.ion is methylene 
bis (phenylisocyanata) (MDI) . MDX is preferably employed in its 
coxmnercially available form, which includes, pure 4^4, MDI, isomeirs 
and functional horoolog miiccures (coxwmonly designated as ^'polytnerib 
MDI''). Isocyemate compounds also useful in the present invention 

20 include, for example, toluene diisocyanate (TDX) and isomers 
thereof . 

The nitrogen-containing chain extender may also be, for 
example an amine- or amino ami de-^ containing compound which forms 

2S epoxy- terminated amine corr\pounds having two N-H bonds capable of 

reacting with an epoxy group. Amine -containing compounds useful in 
the present invention include, for example, mono-primary amines of 
the general formula R-NH2 wherein R is alkyl, cycloalkyl or aryl 
moieties; di-secondary amines of the general formula R-NK-R' -NH-R* 

30 wherein R, R' and R** are alkyl, cycloalkyl or aryl moieties; and 

heterocyclic di-secondary amines wherein one or both of the N atoms 
is part of a nitrogen containing heterocyclic compound such as: 

HN*^— NH — R" ; KN*^ — R--R^~5lH ; HN .NH 

For reactivity reasons, and in order to better control 
35 the epoxy advancement reaction with the di*- functional amines, di* 

secondary amines or primary amines having sterically hindered amine 
groups are preferred as for exait^le 2,6^dimethyl cyclohexylamine or 
2 , 6-xylidine (l-amino-2 , fi-dimethylbenzene) . 

-12- 
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Amino amide- concaining compounds useful as chain 
extisnders in che present invencion include for example derivatives 
of carboxylic acid amides as well as derivatives of sulfonic acid 
5 amides having additionally one primary or two secondary amino 
groups. Preferred examples of such confounds are amino-aryl 
carboxylic acid amides and amino -^aryl sul fonami des . A preferred 
compound of this group is, for exaneiple, sulfanilamide (4-amino 
benzenesulfonamide) and anthraxiilaxciide(2-aminobenzamide} . 

The amount of the chain extender is preferably from 5 to 
20 weight percent:, based on the epoxy resin. 

The compositions of the invention may also contain one 
or more additional flame retardant additives, for exan^le red 

15 phosphorous or li<iuid or solid phosphorus containing coziq^ounds, for 
exanypie, ammonium polyphosphate, a phosphite, or .9 , lO-dihydro-S-oxa- 
phosphaphenanthrene-lO^oxide (HCA) , phosphaaenes , nitrogen 
containing fire retardants and/or synergists, for example melamines, 
urea, cynamide, guanidine, cyanuric acid, isocyanuric acid and 

20 derivatives of those nitrogen containing compounds, halogenated 

flame retardants, halogenated epoxy resins (especially brominated 
epo3cy resins) synergistic phosphorus -halogen containing chemicals or 
coinpounds containing salts of organic acids, inorganic metal 
hydrates, boron or antimony. Exair^les of suitable additional flame 

25 retardant additives are given in a paper presented at "^Flame 
retardancs - 101 Basic Dynamics - £*ast efforts create future 
opportunities". Pire Retardants Chemicals Association. Baltimore 
Harriot Inner Harboxor Hotel, Baltimore Maryland, March 24-27 1996. 
vahen additional fire retardants are present v^ich contain 

30 phosphorous, they are generally present in amounts such chat the 

total phosphorous content of the epoxy resin con^osition is from 0,2 
to 5 weight percent. 

The compositions of the invention can be produced by 
35 mixing all the components together in any order. Preferably 

compositions of the invention can be. produced by preparing a first 
composition comprising the epoxy resin, and the second coraposition 
comprising the curing catalyst. Either the first or the second 
composition also cox^prises the phosphonic acid ester, nitrogen- 
40 containing crosslinking agents. All other components may be present 
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in Che same coinpositxon, or some may be present in Che first:^ and 
some in Che second. The first composition is then mixed with the 
second eamppaitlon, and cxiarod to pjroduce a fiare jrecexrdanc epoxy 
resin- , . 



5 



10 



A number of preferred embodiments of the invention are 
illustrated, in the following specific Examples. 

Qeneiral r>rQduct-ion procedure for the eooxv resin (bl\ wirh high 

92 . 5 pa.rts by weight of a commercially available epoxy 
15 novolac resin winh a functionality of 3.6 (P.E.M. 438) was heated up 

to lOC^C under nitrogen purge in a reactor equipped with an 
electrically driven stirrer, air and nitrogen inlets, sample port^ 
condenser and thermocoxyple . 1500 ppm (based on the total of epoxy 
novolac resin and isocyanace in the product) of 1,8- 

20 diazabicyclo(5', 4,0) undec-7-en (a reaction catalyst AMICURE DBU-^ 
by Anchor) was added and the mixture and was heated to 130-140^C, 
7.5 parts MDI (ISONATE™ M143 available from The Dow Chemical 
Company) was charged into the epoxy resin via an additional funnel, 
portion by portion. The reaction temperatxare rose to at least 150*^0 

2S by the heat of reaction. After the end of the addition, the reaction 
mixture was increased to 165 and maintained until the target epoxy 
e^ivalent weight of the copolymer of MDI and epoxy novalac resin 
was reached. The solid resin was further diluted with 
. methyl e thy ike tone and propylene glycol monomethyl ether <) <50/50) 

30 to a 80 weight percent solid solution and cooled to room 
temperature. 

Preparation B 

35 General production procedure for hardener solutions 

. A phosphonic acid ester fire retardant (Aragard t>45 or 

T^gard V19) was heated to 120^C. under nitrogen pxirge in a reactor * 

equipped with an electrically driven mechanical stirrer, air and 
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niti-ogen inlets, sample port, condenser and chermocoupile . 
Dicyandiamide or sulf anileonide was added and stixred uncil 
homogeneous mixture was obtained. Propylene glycol nionomecliyl echer 
was added to the mixture to make an 80 weight percent solids 
5 solution. Optionally the insol^uble fire retardant additives were 
added to the hardener solution before adding it to the resin 
solution. 

Production procedure for the polyepoxy / polyisocyanate / HCA 
10 cqpolymer res in A*) 

3-77 weight percent of 9, lO-dihydro-S-oxa-phospha- 
phenanthrene-lO-oxide (HCA) was added to 96.23 weight percent of che 
solid epoxy resin produced in Preparation A at about 160<^C and held 
15 until a target EEW of 232 was reached. The solid was cooled to about 
130<»C and methylethylketone and propylene glycol laonomechyl ether 
(50/50) were added to inake a solution of 75 weight percent solid 
content . 

20 Example 1 - Preparation of ^ resin B" Boric acid in 

methanol was added to the D.E.N. 438/MDI copolymer- When che mixture 
was coaqplete the phosphosphor tc acid ester Amgard V19 > flame 
retardant was mixed into the resin- 2-methylimidfl.zcle catalyst was 
added the resin solution. Lastly the dicyandiamide (7,5 weight 

25 percent in a 50/50 mixture of dimethyl formamide and propylene glycol 
mono methyl ether was mixed in. The composition of the formulation 
and tlie properties of the formulation, prepregs and laminates made 
therefrom are given in the following table, 

30 Preparati oT^ ryf Resins A and C to N 

The epoxy resin solution, the hardener solution, the 
catalyst solution (usually 50 weight percent solution in methanol) 
and optionally boric acid solution were mixed at room temperature 
with a mechanical stirrer for 15 minutes to make a homogeneous 

35 mixture. Additional solvents (methylethylketone) was added to 

adjust the varnish viscosity to 30-50 sec. on Ford cup N*^ 4- The 
varnishes were aged overnight. 
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The varnishes wer« used to ixnpreana.ce glass web (style 
Nr. 7628/36 amine silane finish by Porcher SX, Prance) , usiz^ a 
Caratsch pilot treater (3 xn long) , The tetnperature o.f the hot air 
in the oven was 160-170<*C- The varnish coinposition, treater 
5 condition, prepreg and laminate performance are summarised in Tables 
1, 2. 3 and 4. 

The IPC test methods employed are the electrical laminate 
industry standard (The Institute For Intercoxuiection And Packaging 
10 Electronic Circuits, 3451 Church Street, Bvanston, Illinois €0203), 
as follows. 



Meehod 


XFC-Teat Uetbod 
NUnibest 


Reactivity (varnish) 


IPC-TM-650-S.1 .410 


Resc G^lCime Q 170 c. Sec 


IPC-TM-650-2 .3.18 


Mil Flow , wt- % 


IPC-TM-650-2.3.17 


Tg. °C 


IPC-TM-650-2-4.2 5 


Copper: peel strength 


IPC-TM-6S0-2 .4.8 


NKP-pick-up 


Dow method C-TS-AA- 
1012.00 


Pressure Cooker Test, wt- % 
water pick-up & % parsed 
solder bath i& 260 *C 


XFC-™^650-2,6.1€ 


UL94 Planmiability 


lPC-TM-650-2.3.10 
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Table 1 : Formulations coaiposicion, properties, prepireg and laminate 
peir £ ormanc e 



COMPOSITION 
in pa.x'tis solid hy w^ai^hc 


O 


k. 


u 






— . 

BO 


84 


84 




epoxy novo lac resin, 
£unclonality 3.6 








85 




















— : 


Aingard VI $ 


14 




14 




Axnciard 




14 




14 


Dicyandiamlde dissolvt^ in 
Amgard P45 or Amgard VIS) 




2 ( in 
Amgard 


2 ( in 
AnvQrard 

\7'\ Q \ 


X \ ^n 
Amgard 

1> 4 w J 


B 










Boric acid 


1 








2 - Phenyl xmi da zo 1 e 




1.7 


2 


1 


2 -ttjue t hy 1 imi da z o le 


1 








Additional solvent 




MEK 


MEK 


MEK 


Dicyandiamide soluCion 
<7.5wt:%) 


1 








VARNISH CHARACTERISTICS 










Viscosity CFord cup ff4),3ec 


76 


38 


126 


36 


Reactivity , sizxz 
Geltiroe @ 170 ®c 

0 150 '»e 


85 


102 
242 


ISI 


lOd 
322 


Treater conditions 
Oven temp. °c 
Winding speeds m/min 


185 
2.3 


168 
1.4 


152 . 
1.1 




Prepreo' characteristics 










Resin content, wt. % 


41 


43 . 4 


45 


42 . 6 


Rest Geltime © 170*0, soc 


tael ced 


10 


14 




Mil Flow , wc. % 10 


10.5 


15 


15.3 


LAMINATE PERFORMANCE 










Laminate cure cycle 


1 hour @ 

170 

oc 

1 hour @ 
230 **C 


1 hour d 
17 0 *C . 
1 hour % 

230 <^C 


100 mins 
e 200°C 
dO mins 
8 230''C 


1 hour 
170 '^C 
1 hour ^ 
230 ^C 


Laminate thiclcncss, mm 


1,4-1-5 


1,52-1-57 


1.7-1,8 


1 .47^ 
1.70 


Glass transition 
temperatuire - Tgl / 2 , ®C 


158/159 


158/162 


149/146 


not 

nieasured 


Press Cooker Test, wt* % 
water pick-up / % passed • 
solder bach 92 60 ^C 


wt% / % 
pass 


wt% / % 
pass 


wt% / % 
pass 


wt% / % 
pass 


3 0 min . 


0.38/100 


n.d. / 100 


0,53 / 
100 




40 min. 










50 min. 


0.53/100 








60 min. 




0.64 / 100 




0.60 / 
100 


Total burning time/ sec 


69 Sc 3S 


36 


30 


46 


UL94 


V-1 & V-0 


V-0 


V-0 


V-0 
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Table 2: Formulation compos icions, properties, prepreg and laminae® 



performance 



in parts solid by 


P 


Q 




Resin of 
Pireria3ra.t ion A 


79,5 


83.5 




Resin o£ 
Preparation A - 

SANKO/HCA 






81-5 






1 4 




Dicyandiazaidd 
(Dissolved in Amgard 




2 




Sulfanilamide 

P45> 


6 




6 


Boric acid 


0,5 


0.5 


O.S 




2 *0 


2 » 0 


2 . 0 






MEK 


MEK 


CHARACTERISTICS 








#4) ,sec 


45 


39 


45 


HeacciVicy « sec 
Qelcixne d 170<>C 

@ 

150°C 


SO 
240 


87 
220 


132 


Treater conditions 
Oven teiup. 

till 1 Tif^T Ti fT c:ntf^**^ m /tti"! ti 


163 
1. 2 


163 
1 . 1 


161 
0.7 


CHARACrEJflXSTlCS 








Resin content, wc. % 


45 


44 


45 


Rest Geltiroe Q 170 
c 


8 


10 




Mil Plow urt ft 


13 


15 


21 


LASirnATE PERFORMANCE 








I^aininate cure cycle 


90 min dldO 






Lamina pe thickness , 
mm 


1.^-1.7 


1-6-1 . & 


1.S7-1.70 


Glass transition 
temperature - Tgl/2, 
C 


160/166 


151/167 


157/160 


Copper peel 

strength 

W/cm 


15.7 


17.0 


16,3 


^3MP~pick-up, % 






0.08 


Press Cooker Test^ 
wt. % water pick-up 
& % passed solder 
bath @260 <*C 


wt% / t 
pass 


wt% / % 
pass 


Wt% / % 
pass 


40 min. 


0.52 / 100 


0.6 / 75 


0. 53/100 


60 min. 


0.64 / 75 


0.75 / 75 


0.69/50 










Total burning time, 
sec 


53 


47 


34 


ULd4 




V-0 


V-0 



"18- 



IfiO/VZO'd e089# HS3HHYQ HlHOMTia 9/.6^8?29t9 0S = 2T 9002»2e'AON 



8f8o:M Noiivwia « sz6t8zzi)i$:(iis3 « (ioi:8Ciz:siNa » oziz-Juxja-oidsniiiAS « [mi mm luaisea] wd mi^i mmsi\ iv qksh « m 39Vd 



Wa91»/00451 PCTAJS98/13618 

Table 3 : Varnish coo^sitions, properties, prepregs and laxnlnaces 
perfomance obtained from 2-mech,yliitddazole catalysed syst^a. 



COMPOSITION 

iri parts solid toy weight 


I 


J 


Resirv of Preparation A 


85 


a6 


Amgard V19 


14 


14 








Dicyandiamide (Dissolved 
in tocrard V19) 


1 


1 


Boric acid 


1 


_ 


2 - Methy 1 imidazol e 


1 


1 


Additional solvent 


MEK 


MSK 


VARNISH CHARACTERISTICS 






Viscosity (Ford cup 
#4) ,sec 


132 


137 


Rea-ctivity , sec 
Geltime « 170<»C 

d 150°C 


109 

17a 


70 
150 


Treated? conditions 
Oven temp, '^c 
winding speed, m/xnin 


160 
0.8 


160 
1 . 3 


Prepreg cKaracteristics 






Resin contents wt- % 


45.1 


41.2 


Rest Gel time @ 170 c« 
sec 


0 


9 


Mil Flow , wt- % 


17.0 


18.0 


Laminate £>£RFORMANCe 






Laminate cure cycle 


90 min. 0230 




Laminate thickness, mm 


1,6-1-7 


1.40-1-4S 


Glass transition 
terttperature - Tgl/2, C 


166 / 169 


143 / 148 


Press Cooker Test, wt. % 
water pick-up & % passed 
solder bath 6260 «*C 


wt% / % pass 


wt:% y % 
pass 


40 lain. 


7r.57 / 100 


0.55 / 100 


60 min. 


0-77 / 0 


0.7S / 0 








Toc&l burning timer sec 


54 


49 


UL94 


V-1 
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Table 4: Pozmulacion composieions, properties, pr^reg and laminate 
perfonoaxice of filler containing syateoas 



COMPOSXTIGN 

in part.s solid by 

weight. 


K 


L 


H 


Resin o£ Prepare cion 

A 


84-00 


64.00 


74.50 


Amgard P45 


10.00 


10.00 


10-00 


Dicyandia2zii<ie 
(Dissolvisd in P45 ) 


2.00 


2,00 




Sulfanilamide 
(Dissolved in P45) 






6.00 


HoscaflanC^ A,P 423 
AxEunoniusn PolyphospliaLe 


5.00 




7 .00 


Hoscaflam TP RP 605 
Red phosphorus 




1.50 

maxijnum 




Boric acid 


0,5 


o.s 


0.5 


2 - Pheny 1 irtiida zo 1 e 


2.0 


2-0 


2.0 


Addiciona.1 solvent 


M£K / Dowano 1 
PM 


£CEK/ Dowano 
1 PM 


MER/Dowa 
nol PH 


VARNISH 

CHARACTERISTICS 








Viscosity {Ford cup 
1^4) . sec 


120 


63 


60 


Reactivity , sec 
Geltiine 0 170«C 


77 


7b 


77 


Tr eater conditions 
Oven temp . °c 
Winding speed, m/min 


157 
1.3 


157 
1.4 


1S7 
1.5 


PR£PREG CHARACTEISTICS 








Resin content, wt. % 


39. S 


41 


40. 6 


Rest Gel time 0 170 C, 
sec 


23 


20 


23 


Mil Flow . wt . % 


11,9 


16. S 


15.7 


LAMINATE PERFORMANCE 








Uanainate cure cycle 


190**C for 90 


190 for 90 
mi.ns 


IdO for 


Laminate thickness » imn 


1.45 


1.55 


1.45 


Glaiss transition 
teroptarature - Tgl/2, C 


166.6/170.7 


170,2/171. 
4 


172.7/17 
1.3 


Copper peel strength 
N/cxn 








NMP-piCk-up, % 


0.063 


0.034 


0,017 


Press Cooker Test, w. 
t% water pick-up & % 
passed solder bath 


wt% / % pass 


wt% / % 
pass 


wt:% / % 
pass 


60 min. 


100 


100 


SO 


7 5 min. 


50 


100 


50 


90 m±n 


0 


50 




Total burning time , 
sec 


32 


29 


26 


0L94 


V-0 




V-0 
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Claims 

1. A flame ret ardant epoxy resin composition contiaining 
no more than 10 percent by weight of. halogen, coit^risin© 

a) an epoxy resin, 

b) a phosphonic acid ester in an amoxint such as to 
provide from 0.2 to 5 weight percent phosphorus in 
the composition* 

c) a nitrogen-containing crosslinking agent having an 
amine functionality of at least 2. in an amount of 
from 10 to 80 percent of the stoichiometric amount 
needed to cure the epoxy resin, 

d) from 0,1 to 3 weight percent of a catalyst capable of 
promoting the reaction of the phosphonic acid ester 
with the epoxy resin and promoting the curing of the 
epoxy resin with the crosslinker and, optionally 

e) a Lewis acid in an amount of up to 2 moles per mole 
of catalyst - 

2. A coi^position as claimed in Claim -1, wherein the 
epoxy resin has a softening point at least SO degrees C (by ASTM 

20 D3104) - 

3. A cott^osition as claimed in Claim 1 or Claim 2, 
wherein the epoxy resin contains not more than 2 alkyl groups per 
molecule . 

4. A con^osition as claimed, in Claim 3, wherein che 
25 epoxy resin contains not more than 1 alkyl group p<sr molecule. 

5. A composition as claimed in any one of the preceding 
Claims, wherein the epoxy resin is the reaction product lor a 
mixture] of a monomer containing at lease two epoxy groups, and a 
difunctional chain-extending monomer, or wherein the composition 

30 additionally con^rises a difunctional chain-extending monomer. 

6. A coM«>osition as claimed in Claim S. wherein the 
difunctional chain-extending monomer is -methylene 
bis(phenylisocyanate) (WDl) , Toluenediisocyanate (TDI) , 
2.6.<aimethylhexylamine, sulfanilamide or antbranilamide. 

-21- 



8m(s$-uiui)NOIiVUna«SZ6W{9lS:QIS3«00e8U^^ 



10 



7. A composition as claimed in Claim 5 or Claim 6, 
wherein the monomer c&ntaining at least two epoxy groups is a 
glycidyl ether of a phenol novolac or a glycldyl ethear o£ 
bisphenol-P. 

8. A coinpoaition as claimed in any one of the preceding 
Claims- wherein the amount of the epoxy resin based on solids is 
from 50-95 weight percent, of the composition. 

9. A co««)osition as claimed in any one of the preceding 
Claims, wherein th^ amount of the epoxy resin is from 80-90 weight 
percent of the composition, based on solids, 

10. A coxrposition as claimed in any one of the preceding 
Claims, wherein the phosphonic acid ester is an ester of the 
formula 

O 

II^O-R2 
9 ^ „ R4--P 



II^O-R2 



■'O— R3 



15 wherein is Ci to Cy alkyl, 
is Cl to Cj alkylene^ • 
R^ and R^ are each d to C, alkyl, or C. to Cxo aryl. or and R 
taken together represent the residue of a glycol or a polyol . 

11, A composition as claimed in Claim 10, wherein 

20 R* is methyl 

R* is methylene, and 

r\ and r\ are each independently inethyl, ethyl, phenyl, or 
hydroxyphenyl . 

12, A composition as claimed in any one of the preceding 
25 Claims, wherein the phosphonic acid ester is a compound of the 

formula 

OCH. 



or 
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^ ^ O CH, 



— » 2 



L3. A composition as claimed in Claim 11 or claim 12,. 
wherein che amount of the phosphonic acid eater is from 4 to 15 
5 weight percent of the con^xjsition. 

14. A con«,ositioii as claimed in Claim 13, wherein the 
amount of the phosphonic acid ester is from 7 to 15 weight percent 
of the cOTiposition. 

15. A composition as claimed in any one of the preceding 
10 Claims wherein the amount of the phosphonic acid ester is such as to 

provide a phosphorous content in the composition of from 0.5 to 5 
weight percent. 

16. A ccMoposition as claimed in Claim IS wherein the 
amount of the phosphonic acid ester is such as to provide a 

15 phosphorous content in the composition of from 1 to 3.8 weight 
percmt. 

17. A composition as claimed in Claim 16 wherein che 
anwunt of the phosphonic acid ester is such as to provide a 
phosphorous content in the composition of from 1.4 to 3.1 weight 

20 percent. 

18. A composition as claimed in any one of the preceding 
Claims, wherein the nitrogen-containing crosslinking agent having an 
amine functionality of at least 2 is dicyandiamide. sulfanilamide, 
diaminodiphenylsuifone. and/or diaminodiphenyl methane. 

25 19 . A composition as claimed in any one of the preceding 

Claims, wherein the total amount of nitrogen containing crossl inking 
agent in the composition is such as to provide no more than 80 
percent the stoichiometric <iua»tity needed to react with the epoxy 
resin. 

20. A con^osicion as claiaiied in any one of the pireceditig- 
Claims, wherein the total aiaovmt of nitrogen containing compounds in 



30 
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the composition is such as to provide a total nitrogen content of 
from 1 to 8 percent of the composition* 

21, A composition as claimed in any one of the preceding 
claims wherein the catalyst c<Mciprises a single catalyst component, 

S capable both of promoting the reaction of the phosphonic acid ester 
with the epoxy resin and of promoting the curing of the epoxy resin. 

22, A composition as claimed in any one of claims 1 to 
20. wherein the catalyst comprises a catalyst con^onent which favors 
the phosphonic ester - epoxy reaction over the epoxy curing 

10 reaction, 

23- A composition as claittved in Claim 22, wherein a 
catalyst composicion is DBU- 

24. A composition as claimed in any one of the preceding 
claims, wherein the total amount of catalysts is from 0.1 to 2 

XS weight percent of the composition. 

25. A coir^osition as claimed in any one of the preceding 
claims, which also ecn«>rises an additional flame retardanc additive. 

26. A con€>osition as claimed in claim 25, wherein the 
additional flame retardant additive is an ammonium polyphosphate. 

2Q red phosphorous, a phosphite, 9, lO-dihydro-9-oxa- 

phosphaphenanthrene-lO-oxide (HCA) , a phosphazene, a- nitrogen 
containing fire retardant, a halogenated flame retardant, a 
halogenated epoxy resin, a phosphorus -halogen containing flame 
retardant, a salt of an organic acid, an inorganic metal hydrate, or 

25 a compound containing boron or antiiaony. 

27. A method of preparing an epoxy resin coxr«>osicion 

comprising 
an epoxy resin, 
a phosphonic acid ester, 
30 a nitrogen-containing crosslinking agent, having an amine 
functionality of at least 2, 

a catalyst capable of promoting the reaction of the phosphonic acid 
ester with the epoxy resin, and capable of promoting the curing of 
Che epoxy resin, and optionally 
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. wo 99/00451 PCT/US9S/i3618 

a Lewis acid in an amount o£ up to 2 moles per mole of catalyse, 
w]ii.ch method, coxnpr-xsas pr-eparlzigr ^ first composition conoprisin^r the 
epoxy resin, and a second conqposition comprising the curing 
catalyst, wherein either the first or the second composition also 
5 coxnprises the pKosphonie acid ester and the nitrogen- containing 
crosslinking agent having an amine functionality of at least 2. 

mixing the first composition with the second composition, and 
curing the coxiqposition to produce a cured f ire-retardant epoxy 
resin. 

10 . 28. A method as claimed in Claim 21, wherein the 

phosphonic acid ester, nitrogen- containing crosslinking agent, and 
catalyst are all present in the second composition. 

29, A method as claimed in Claim 27, wherein the 
phosphonic acid ester and nitrogen- containing crosslinking agent are 
15 present in the first coxi^osition, and the catalyst is present in the 
second composition. 
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